A novel endophytic actinomycete, designated strain SC1-1 T , was isolated from sterilized stem tissue from Stahlianthus campanulatus collected in Udon Thani province, Thailand. The isolate formed short chains of spores on aerial mycelium and presented meso-diaminopimelic acid in the cell wall peptidoglycan. Glucose, madurose, mannose, rhamnose and ribose were observed as sugars in the cells. The cell membrane phospholipids were phosphatidylethanolamine, phosphatidylmethylethanolamine, hydroxy-phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylinositol, phosphatidylinositol mannoside and ninhydrin-positive phosphoglycolipids. The major menaquinones were MK-9(H 4 ) and MK-9 (H 2 ). The main cellular fatty acids were iso-C 16:0 , 10-methyl C 17 : 0 and C 17 : 1 !6c. A high G+C content (70.7 mol%) was present in the genomic DNA. The taxonomic position based on the 16S rRNA gene sequence analysis revealed that strain SC1-1 T belonged to the genus Nonomuraea and shared the highest 16S rRNA gene sequence similarity value with Nonomuraea dietziae DSM 44320 T (98.82 %), followed by 
Genus Nonomuraea was first described by Zhang et al. [1] and belongs to the family Streptosporangiaceae. The type species is Nonomuraea pusilla corrig. [2] . This genus generally forms extensively branched substrate and aerial mycelia. Hooked, spiral or straight chains of spores are observed directly on the aerial mycelium. The typical chemotaxonomic properties of this genus are: meso-diaminopimelic acid in peptidoglycan; madurose as the diagnostic sugar in cell hydrolysates; diphosphatidylglycerol, phosphatidylethanolamine, hydroxylated phosphatidylethanolamine, ninhydrin-positive phospholipid and sugar-containing phospholipid as the major phospholipids in cell membrane; MK-9 (H 4 ), MK-9 (H 2 ) and MK-9 (H 0 ) as the predominant menaquinones, and 10-methyl C 17 : 0 and iso-C 16 : 0 as the main fatty acids in cells. Members of this genus have been found in a variety of samples, i.e. soil [3] , marine environments [4] , cave soil [5] , mangrove rhizosphere [6] and plant tissue [7] . In the List of Prokaryotic names with Standing in Nomenclature (www.bacterio.net/nonomuraea. html), this genus currently contains 42 species and two subspecies. A new species, Nonomuraea rhodomycinica, was reported recently [8] . In the course of screening for endophytic actinomycetes from medicinal plants in Thailand, we isolated strain SC1-1 T , which was genotypically and phenotypically distinguishable from all type strains of the genus Nonomuraea. Thus, we describe the strain SC1-1 T as a novel species of this genus.
Strain SC1-1 T was isolated from a stem of Stahlianthus campanulatus collected in Udon Thani province, Thailand. The rough surface stem sample of this plant was washed in tap water and then cut into small pieces (0.5-1 cm 2 each). After cutting, the samples were washed in sterile 0.1 % Tween 20 for 30 s and then washed twice in sterile distilled water. The plant samples were surface-sterilized with 95 % ethanol for 10 min and subsequently with 1 % sodium hypochlorite for 10 min, and then washed five times in sterile distilled water. Finally, the surface-sterilized samples were ground with a small amount of sterile distilled water by using a sterile mortar and pestle. The suspension was plated on humic acid-vitamin (HV) agar [9] supplemented with 25 mg l À1 nalidixic acid, 50 mg l À1 nystatin and 1 mg l À1 terbinafine and incubated at 30 C for 30 days. The final washing water was spread on HV agar as the control plates. The colonies of actinomycetes were removed from the isolation plate and purified on yeast extract-malt extract agar [International Streptomyces Project (ISP), ISP2 medium] [10] . The pure culture was preserved by freezing at À80 C and freezedrying.
In order to determine the morphological characteristics, strain SC1-1 T was cultivated on modified soil extract agar [11] at 30 C for 30 days. The colonies of the strain were first observed by light microscopy and then by scanning electron microscopy (model JSM-5410 LV; JEOL). The samples for scanning electron microscopy were prepared according to the method of Thawai et al. [12] .
Standard methods were used for observing the phenotypic characteristics. ISP media, i.e. yeast extract-malt extract agar (ISP2), oatmeal agar (ISP3), inorganic salt-starch agar (ISP4), glycerol-asparagine agar (ISP5), peptone-yeast extract iron agar (ISP6), tyrosine agar (ISP7) including glucose-asparagine agar (ISP5 with 1 % glucose replacing glycerol), Czapek's sucrose agar [13] and nutrient agar (Difco), were used to investigate the cultural characteristics. The colours of the substrate mycelia, aerial mycelia and spores were judged by using ISCC-NBS Colour Charts, Standard Sample No. 2106 [14] . Reduction of nitrate to nitrite and decomposition of casein, gelatin and starch were determined by using the methods described by Arai [15] and Williams and Cross [16] . Utilization of carbon sources was performed on ISP9 supplemented with 1 % carbon sources at 30 C for 14 days. The temperature tolerances (15, 20, 25, 30, 37, 40 , 45 and 50 C) were determined on ISP2 agar over 14 days. Tolerance of NaCl (0-5 %, interval of 1 unit) and pH range (3-11, interval of 1 pH unit) for growth were determined on ISP2 at 30 C for 14 days. The results are shown in the species description and Table 1 .
Chemotaxonomic analyses were conducted by using freezedried cells obtained from culture grown in ISP2 broth on a rotary shaker (200 r.p.m.) at 30˚C for 5 days. The isomer of diaminopimelic acid in the cell wall was determined by using the method of Hasegawa et al. [17] . The acyl type of muramic acid in the peptidoglycan was examined by using the method of Uchida and Aida [18] . The composition of cellular sugars was investigated by using the method of Komagata and Suzuki [19] . The phospholipids in the cell membrane were extracted and analysed by two-dimensional thin-layer chromatography (TLC) according to the methods proposed by Minnikin et al. [20] . Fatty acid methyl ester analysis was performed by gas-liquid chromatography (GLC) according to the instructions of the Sherlock Microbial Identification System (MIDI) version 6.2B [21, 22] with the TSBA6 MIDI database. Mycolic acids were tested using the silica gel TLC method recommended by Minnikin et al. [23] . Menaquinones were extracted from freeze-dried cells by following the procedure of Collins et al. [24] and were analysed by high performance liquid chromatography (HPLC) using a Cosmosil 5C 18 column (4.6Â150 mm; Nacalai Tesque). Mixtures of methanol and 2-propanol (2 : 1, v/v) were used as the elution solvent.
Genomic DNA was extracted using the method of Tamaoka [25] . The method of 16S rRNA gene amplification and its sequencing were performed according to Thawai [26] . The G+C content of the DNA was determined using the HPLC method of Tamaoka and Komagata [27] . Lambda DNA (Invitrogen, USA) was used as the standard. The DNA hybridization was performed in microdilution-well plates according to the method of Ezaki et al. [28] .
The 16S rRNA gene sequence similarity value of strain SC1-1 T (1485 bp) was reported with sequences of the type strains in the EzTaxon-e server (http://eztaxone.ezbiocloud.net/) from Kim et al. [29] . The multiple alignment of the sequence data was analysed using CLUSTAL W within BioEdit version 7.1.3.0 [30] . The phylogenetic tree was constructed by using the neighbour-joining (NJ) method [31] with distances computed by using Kimura's two-parameter model [32] , the maximum-parsimony (MP) method with subtree pruning regrafting (SPR) and bootstrap statistical testing (1000 replicates) [33] , the maximum-likelihood (ML) method [34] with nearest-neighbour interchange (NNI) and distances computed by using Kimura's two-parameter model in MEGA 6 software [35] . For the NJ and ML analyses, the complete deletion option was chosen before constructing the topology of the tree. Bootstrap analyses were used to evaluate the tree topology by means of 1000 resamplings [36] .
Strain SC1-1 T grew well on ISP2, ISP3 and ISP6, moderately on nutrient agar, and weakly on ISP4, ISP5, ISP7, Czapek's sucrose agar and glucose-asparagine agar. The colour of substrate hyphae on these media was light yellowish brown to purplish black. White aerial hyphae were observed on ISP2, ISP4, ISP5, ISP7, Czapek's sucrose agar and nutrient agar but a pale purplish blue aerial mycelium and a purplish grey soluble pigment were detected on ISP3 medium. Generally, strain SC1-1 T produced short straight chains of spores (3-4 spores per chain) directly on aerial mycelia An irregular spore surface was observed (see Fig. S5 ).
The chemotaxonomic properties of strain SC1-1 T were the same as those of members of the genus Nonomuraea. The isomer of diaminopimelic acid in the peptidoglycan was meso-form. The acyl type of the cell wall peptidoglycan was acetyl. Whole-cell hydrolysates contained glucose, madurose, mannose, rhamnose and ribose. The major menaquinones were MK-9(H 4 ) (72.67 %), MK-9(H 2 ) (21.35 %) and a small amount of MK-9(H 6 ) (5.98 %) was observed. Iso-C 16 : 0 , 10-methyl C 17 : 0 and C 17 : 1 !6c fatty acids were detected as the major cellular fatty acids (see Table S1 , available in the online Supplementary Material). Mycolic acids were absent. The diagnostic polar lipids in the cell membrane were phosphatidylethanolamine, phosphatidylmethylethanolamine, hydroxylated phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylinositol, phosphatidylinositol mannoside, ninhydrin-positive phosphoglycolipids, ninhydrin-positive phospholipid, an unidentified phosphoglycolipid, four unidentified phospholipids, two unidentified glycolipids and four unidentified lipids (see Fig. S1 ). The G+C content (mol%) of the genomic DNA was 70.7 %.
Analysis of the nearly complete 16S rRNA gene sequence of strain SC1-1 T revealed that the strain was a member of the genus Nonomuraea and shared the highest 16S rRNA gene sequence similarity value with Nonomuraea dietziae DSM 44320 T (98. T (98.23 %). The taxonomic position appearing in the phylogenetic analysis based on 16S rRNA gene sequences showed that this strain was placed in a distinct clade with N. dietziae, N. africana, N. roseola and N. recticatena with a high bootstrap value of 93 % in the NJ tree (Fig. 1) . This position was confirmed by the results obtained from all three tree-making algorithms (NJ, ML and MP) (see Figs S2 and S3). Thus, all four phylogenetic relatives were selected for DNA-DNA hybridization experiment and phenotypic comparison.
The differential characteristics (Table 1) T , were the colour of substrate mycelium (see Fig. S4 ), the utilization of D-fructose, D-galactose, D-mannitol, melibiose, raffinose, D-ribose, glycerol and sucrose, and the ability to reduce nitrate to nitrite. Additionally, the DNA relatedness values between strain SC1-1 T and the closely related species were 18.8±0.9 % to 29.04±0.4 %, which are lower than 70 % of the recommended threshold value for the delineation of genomic species [37] (see Table S2 ).
Based on the phenotypic and genotypic data, it is concluded that strain SC1-1 T can be distinguished from all recognized Nonomuraea species. Therefore, this strain should be judged as a new species of the genus Nonomuraea, for which the name Nonomuraea stahlianthi is proposed. The type strain is strain SC1-1 T (=BCC 66361 T =NBRC 110006 T ).
DESCRIPTION OF NONOMURAEA STAHLIANTHI SP. NOV.
Nonomuraea stahlianthi (stah.li.an¢thi. N.L. gen. n. stahlianthi of Stahlianthus, referring to the isolation of the strain from Stahlianthus campanulatus).
Gram-stain-positive and mesophilic actinomycete. The colour of substrate hyphae is light yellowish brown to purplish black, depending on the culture media. Short chains of spores form on white aerial mycelium. The surface of spores is irregular. Purplish grey soluble pigment is produced on ISP3 medium. 
